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INTRODUCTION 

Recent i n v e s t i g a t i o n s  of r a p i d  c o a l  p y r o l y s i s  have g e n e r a l l y  been l i m i t e d  t o  
two approaches -- e n t r a i n e d  flow t echn iques  and hea ted  g r i d  d e v i c e s .  The e n t r a i n e d  
f low t echn ique  p rov ides  a method wherein i n j e c t e d  c o a l  samples  expe r i ence  h e a t i n g  
r a t e s  comparable t o  t h o s e  expec ted  i n  combustion p r o c e s s e s .  However, the  d a t a  
c o l l e c t e d  i s  g e n e r a l l y  l i m i t e d  t o  weight  l o s s  as a f u n c t i o n  o f  appa ren t  r e s i d e n c e  
t i m e  i n  the  r e a c t o r  h o t  zone (1,2,3). The hea ted  g r i d  t e c h n i q u e s  p rov ide  a more 
c l e a r l y  d e f i n e d  t ime-resolved thermal  environment f o r  s m a l l  p a r t i c l e s  (60 - 100 pm) 
and al low d e t e r m i n a t i o n  of the v o l a t i l e  s p e c i e s  evolved i n t o  a co ld  environment 
su r round ing  t h e  g r i d  (4 -8 ) .  Due t o  the  mode of h e a t i n g  oE t h e  p a r t i c l e s  i n  t h e  
g r i d  t echn ique  one i s  l i m i t e d  t o  t h e  p a r t i c l e  s i z e  r anges  t h a t  can b e  employed. 
Both approaches have provided u s e f u l  i n fo rma t ion  conce rn ing  t h e  n a t u r e  of r a p i d  
d e v o l a t i l i z a t i o n .  I t  i s  a l s o  c l e a r  cha t  o t h e r  t echn iques  and r e a c t o r  des igns  are 
needed t o  p rov ide  in fo rma t ion  concerning r a p i d  p y r o l y s i s  phenomena f o r  a range of 
t empera tu res ,  p a r t i c l e  s i z e s  and r e a c t i v e  atmospheres .  

EXPERIMENTAL DESIGN __- 

A r e a c t o r  h a s  been c o n s t r u c t e d  i n  which s m a l l  samples  of  c o a l  (20 - 60 mg) a r e  
r a p i d l y  i n j e c t e d  ( -  25 msec) i n t o  a p rehea ted  environment .  The i n j e c t i o n  dev ice  
a l l o w s  one t o  d e l i v e r  p a r t i c l e s  a s  small a s  100 pm o r  a s  l a r g e  a s  s e v e r a l  m i l l i m e t e r s  
i n  d i ame te r .  I n j e c t i o n  of the s m a l l  samples  i n t o  a p r e h e a t e d  zone i n s u r e s  t h a t  t h e  
p a r t i c l e s  e x p e r i e n c e  i n i t i a l  h e a t i n g  r a t e s  comparable t o  t h o s e  expec ted  i n  c o a l  
combustors. The gases  produced by t h e  thermal  decomposi t ion p rocess  a r e  monitored 
i n  s i t u  by use  of a N i c o l e t  FTIR  Spectrometer  o p e r a t e d  i n  t h e  r a p i d  scan  mode. A 
schematic  o f  t h e  p y r o l y s i s  system i s  shown i n  F ig .  1. 

PYROLYSIS GAS SPECTRA 

F igure  2 d i s p l a y s  a p o r t i o n  of t h e  t ime-resolved s p e c t r a  ob ta ined  from t h e  
d e v o l a t i l i z a t i o n  of a P i t t s b u r g h  bi tuminous c o a l  (PSOC 170) .  F i g u r e  3 d i s p l a y s  t h e  
same s p e c t r a l  window ob ta ined  from t h e  r a p i d  scan  FTIR d a t a  c o l l e c t e d  from t h e  de- 
v o l a t i l i z a t i o n  of a Montana l i g n i t e .  The d i f f e r e n c e  i n  c h a r a c t e r i s t i c s  of t h e  gaseous 
y i e l d s  a r e  appa ren t .  The bi tuminous c o a l  y i e l d e d  t h e  g r e a t e r  r a t i o  of hydrocarbon 
s p e c i e s  t o  carbon ox ide  s p e c i e s .  The same t r e n d  i s  no ted  i n  t h e  h i g h  r e s o l u t i o n  
scans  taken a; the  complet ion of t h e  r a p i d  scans  (See F i g s .  4 and 5 ) .  These t r e n d s  
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were to be expec ted  on  t h e  b a s i s  of  work p r e v i o u s l y  preformed by use  of a hea ted  
g r i d  t o  d e v o l a t i l i z e  t h e  c o a l .  That i s ,  t h e  r e l a t i v e  y i e l d s  of t h e  l i g h t  g a s e s  
r e f l e c t  t h e  f u n c t i o n a l  group c h a r a c t e r i s t i c s  of t h e  p a r e n t  coal (8).  

APPARENT FIRST ORDER ARRHENIUS RATE CONSTANTS 

The rise times o f  t h e  v a r i o u s  gaseous  s p e c i e s  were used to e x t r a c t  apparent  
f i r s t  o r d e r  r a t e  c o n s t a n t s  from t h e  t ime-reso lved  FTIR d a t a .  For  t h e  sake  of  

.comparison, t h e  method of e x t r a c t i n g  t h e  r a t e  c o n s t a n t s  w a s  t h e  same a s  t h a t  pre- 
v i o u s l y  employed u s i n g  t h e  h e a t e d - g r i d  a p p a r a t u s .  F i g u r e  6 shows t h e  r e s u l t s  
ob ta ined  f o r  t h e  P i t t s b u r g h  b i tuminous  c o a l  and t h e  Montana l i g n i t e .  Obviously,  
t h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  a p p a r e n t  ra te  c o n s t a n t s  o b t a i n e d  by de- 
v o l a t i l i z a t i o n  i n  each  of t h e  two r e a c t o r s .  I t  is b e l i e v e d  t h a t  t h e  v a r i a t i o n  
i n  rate c o n s t a n t s  r e f l e c t  t h e  v a r i a t i o n s  i n  t h e  thermal  f l u x  exper ienced  by t h e  
c o a l  p a r t i c l e s  w i t h i n  each r e a c t o r .  The i n i t i a l  h e a t i n g  r a t e  of 100 pm c o a l  
p a r t i c l e s  i n  t h e  hea ted  g r i d  a p p a r a t u s  employed was de te rmined  by thermocouple 
measurements t o  be of t h e  o r d e r  of lo2  t o  1030C/sec. 
i n i t i a l  h e a t i n g  r a t e s  a r e  e s t i m a t e d  to be of t h e  o r d e r  of  1040C/sec and g r e a t e r  ( 9 ) .  
The r a t e  c o n s t a n t s  o b t a i n e d  i n  t h e  f u r n a c e  exper iments  are about  a f a c t o r  o f  t e n  
h i g h e r  than  t h o s e  o b t a i n e d  from t h e  h e a t e d  g r i d .  It i s  b e l i e v e d  t h a t  t h e  non- 
i s o t h e r m a l  n a t u r e  of t h e  p y r o l y s i s  p r o c e s s  i n  t h e  f u r n a c e  i s  r e s p o n s i b l e  f o r  t h e  
apparent  l a c k  o f  tempera ture  s e n s i t i v i t y  i n  t h e  rate c o n s t a n t  v a l u e s .  

I n  t h e  i s o t h e r m a l  furnace  t h e  

APPARENT FIRST ORDER RATE CONSTANTS AND COAL TYPE 

I n s p e c t i o n  of Fig.  6 i n d i c a t e s  that ,  w i t h i n  t h e  r e s o l u t i o n  of  the exper iment ,  
t h e  c o a l  t y p e  does  n o t  have a s i g n i f i c a n t  e f f e c t  upon t h e  apparent  f i r s t  o r d e r  
r a t e  c o n s t a n t  f o r  a p a r t i c u l a r  gaseous  s p e c i e s  evolved .  The r e a c t o r  type  h a s  a much 
g r e a t e r  e f f e c t  on apparent  ra tes  than  does t h e  c o a l  type .  

\ 

The independence of a p p a r e n t  ra te  c o n s t a n t  wi th  c o a l  type  i s  i n  agreement wi th  
r e s u l t s  o b t a i n e d  by u s e  of t h e  h e a t e d  g r i d  t h a t  i n d i c a t e d  t h a t  t h e  amount of  a 
p a r t i c u l a r  gaseous  s p e c i e s  evolved  t o  b e  h i g h l y  dependent on c o a l  t y p e  b u t  t h e  r a t e  
of  e v o l u t i o n  to be independent  o f  c o a l  type.  

APPARENT RATE AND PARTICLE SIZE 

A s  shown i n  F ig .  6 t h e r e  is a d e c r e a s e  i n  r a t e  w i t h  p a r t i c l e  s i z e  i f  t h e  p a r t i c l e  
s i z e  range of t h e  sample i s  changed f r o m  -100 mesh t o  -40 mesh. There  does n o t  
a p p e a r  t o  b e  any s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  y i e l d  s t r u c t u r e  of  t h e  l i g h t  g a s e s  
evolved .  For  t h e  s m a l l  sample s i z e s  employed, t h e  y i e l d  s t r u c t u r e  of t h e  l i g h t  g a s e s  
appeared t o  v a r y  more w i t h  t h e  p a r t i c u l a r  sample employed t h a n  w i t h  t h e  p a r t i c l e  s i z e  
chosen. 

FINAL REMARKS 

A s  i n d i c a t e d  by t h e  comments above ,  t h e  c u r r e n t  p y r o l y s i s  c o n f i g u r a t i o n  has  been 
u s e f u l  i n  d e t e r m i n i n g  t h e  v a l i d i t y  of hypotheses  formula ted  by s t u d i e s  performed w i t h  
t h e  heated g r i d  a p p a r a t u s .  However, i n  its c u r r e n t  c o n f i g u r a t i o n  i t  i s  n o t  wi thout  
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i t s  d isadvantages :  c a l i b r a t i o n  of t h e  r e a c t o r  is ext remely  d i f f i c u l t :  t h e  alumina 
w a l l s  tend t o  p r o v i d e  a c t i v e  s i t e s  f o r  t h e  t r a n s f o r m a t i o n  of  s u l f u r - c o n t a i n i n g  g a s e s :  
t h e  ta r - soot  m i s t  formed a t  h igher  o p e r a t i n g  t e m p e r a t u r e s  and by u s e  of  s m a l l e r  
p a r t i c l e  s i z e s  t e n d s  t o  i n t e r f e r e  wi th  t h e  I R  s i g n a l .  

ACKNOWLEDGMENTS 

The a u t h o r s  w i s h  to e x p r e s s  g r a t i t u d e  f o r  t h e  t e c h n i c a l  a s s i s t a n c e  of Dave 
Santos and Gerald Wagner. 

163 



REFERENCES 

1. 

2. 

3 .  

4 .  
5. 
6. 

7. 

8. 

9. 

Badzioch, S .  and Hawksley, P. G.  W . ,  I nd .  Eng. Chem. Proc.  Des. Develop. 9, No. 
4 ,  521 (1970). 
Nsakala ,  N .  Essenhigh,  R .  H .  and Walker, P. L . ,  J r . ,  S t u d i e s  on  Coal R e a c t i v i t y :  
K i n e t i c s  of L i g n i t e  P y r o l y s i s  i n  Ni t rogen  a t  808OC, Pennsy lvan ia  S t a t e  Univ. 
(1977). 
Sca ron i ,  A. W., Walker, P. L . ,  Jr .  and Essenhigh,  R. H . ,  Amer. Chem. SOC. Div. 
of Fuel  Chem. P r e p r i n t s  2, No. 3,  123  (1979) .  
Juntgen,  H. and van Heek, K .  H . ,  Fue l ,  47, 103  (1968). 
Anthony, D. B. and Howard, J .  B . ,  AIChE 2, No. 4 ,  625 (1976) .  
Suuberg, E. M. P e t e r s ,  W .  A.  and Howard, J. B . ,  Amer. Chem. SOC. Div. of Fuel  
Chem. P r e p r i n t s  2, No. 1, 112 (1977) .  
Solomon, P. R. and Co lke t ,  M. B . ,  Seven teen th  Symp. ( I n t e r n a t i o n a l )  on Combustion, 
131  (1978). 
Solomon, P. R . ,  Amer. Chem. S O C .  Div. of Fue l  Chem. P r e p r i n t s  z, No. 2 ,  184 
(1979). 
F r e i h a u t ,  J. D .  and V a s t o l a ,  F. J . ,  P r e p r i n t s  -- E a s t e r n  S t a t e s  S e c t i o n :  The 
Combustion I n s t i t u t e ,  November (1978) .  

164 



KBr 
IR 

FIG. 1: PYROLYSIS SYSTEM 

i 
L 1 

KBr Window 
IR Cut 

INJECTOR 

COAL SAMPLE 

165 



FIG. 2 
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FIG. 3 
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FIG. 6 

RATE CONSTANT FOR METHANE EVOLUTION 
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